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PREFACE

. \
.

The purpose of this monograph is to make schOol.\\ I

administrators aware of
I

informaionand available les\urces
c

which wirl help to'improve the energy efficiency of s.c ol'
. , .

operations. Because of the com lexity of energy proble\\.m no
single approach to the proper m nagement .of daily' energ\
opetatiOns is providedi'''rather, a broad range of recommen\
datione is made, not all 'of wh ch will be found appropriate
for every situation,

.
,.

.

.

The benefits of energy co servation are already evident
in the experiences of%many s hool systems. Educational
'institutions and school di ricts have successfully made
cost-benificial-mprovements_in the, use of fuels and energy
consumption. Planned Conservation programs hive resulted.in--,
more energy- efficient buildings; staff members have been
trained in energy'retrogt procedures; transportation systems
have been altered,to save fuel; and school officials have
made appropriate Use of techniCal assistance. Many'examplr
of such improyementshave been docurdented.

A

The absumptiori upon which this monograph is based is that
review of available information can be helpful in organizing
an effective enefgy:conservation.program or:improving an
ongoing effort. In addition to the information reviewed in
the body of. the monograph, Appendix A .contains summaries of .
°specific docuillents obtained from a search of the ERIC
catalogs Resources in Education- (RIB) and Current Index'to
'Journals-in Education (CUE); Details of their availability
are 'included.

r

Beides Consulting written materials:-such as this
ublication, school officials'hduld contact state, federal,

and private organizations to obtain additional inforMation:
nd,assistance. Appendix B lists go'vernment agencies and

iri'vacte organizatiOns which can provide such assistance.
Frequently-, periodic newsletters or journals,,as well as
grants and consultant assistance, are,.avarlable. For-example,.
the federal government, through the Department of Energy,
will provide 5Q/50 matching funds. to schools for energy
audits and mOdifiCation of'buildirigs.

.

Assistance inideveloping this monograph was received
'from Di. Philip K. 'piele,,Pirector, and staff, of,the
ERIC Cleatinghouse of ,Educational Minagement,'University

'of Oregon, who reviewed tpe-,manuscript and We.
recomMendations.fer iriplusi.6n,in Appendix A.

,-
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SCHOOL ENERGY MANAGEMENT

It has been estImated that on any. giv'en school 'day
approximately 25 percent of the nation's' population , ---
located within'edUcational institutions. Energy to duppo'rt

,

instructional activities for this large number of people is
usedin s variety of forms, including light, heat, ventila-
tion; equi.pment.operation, and transportati9.

Asthe cost of energy increases and supplies become more
adminietratorslare.seriously'considering

, methods; to control and manage consumption.-Abundant success
stories suggest that there are-savings available to schools'
when systematic approachesare applied to the poblefil, 'Quick
action measures that cam be readily accomplished by existing
staff should result in immediafe reductions of, fuel and"''
energy. Moe complex modifications that may take several
years to accomplish. can result in greatli 'savings.

1

As administrators search, for ways to,reduce:gnergy
consumption, they often find that, many buildings consume
large. quantities of energyby'viriue of their,design.
Although major alterationsare difficult and costly, low-cost
alternatives are possible for the short term, permitting.timt
to plan long-range energy conserving methods. tin efficiently
managed- building can save as much as 30 percent in energy.

The,management of schools lotAinique. Unlike other large
commercial users of' fue,l, they cannot easily peed on
-increased costs to" the consumer, -Budgets are often lotted .

into certain spending patterns,: In a typical school buifget,
at least 85 percent is allocated to personneleosts,

. .

(salaries, benefits, etc.) and the remaining 15_percent
(called discretionary) to books, athletics, special -programs,
'and utility bills.

4 . .

00ther charatteristic of school systems is their vast,
differences in eize,'euppment, personnel,- and-stUdenC.

A.k large urban school le...faced with energy costs.
unlike those. of a rural school. Therefore, a, specific
ComPrehensive'enegy management program should be develoPed
for-each school entity..

'There-is littlesdoubt that, for the foreseeable future
schools . will be confronted i.th-increasing energy costs,,
possible .shortages- and tightened budgets. Programa for.
effective energy, management must be i'mpleMented if current j'
academic environments are 'to be Maintained and schoo
closings caused; by energy .concerns avoided.

0 A

v



Austerity isAcausing many school officials to consider
recycling and preserving,old buildings rather than
constructing new. facilities. For districts with 'expand ing
student populations, however, new construction Is unavoid-
able. Those'wba a,r1e-planning new facilities must examine the
total needs ,of the eistrict. Construction, of additional.'
space and Purchase of new -equi0ent must; be done in ways:that
will permit as much turricular flexibility as possible and
still be coac5mically-and educationally sound.

New methods and devices to conserve energy are being
developed, but they may involve high initial costs and
reftaining.of staff to oidrate them efficiently. The
decision as to what methods to adopt depends on multiple '

considerations. The construction and operation of buildings
should strike a balance between'short-term and long-term

, spending of -public fundd. ttainitg sach.a JoAlance may
require a critical, examination of current policies, attitudes
about energy, ared alternative construction options.

.

Although.the cast of energy/ is of Primary concern td
q.' .dministrators, schoor district's also itavt an, -ethical

./, II

. . .

obligati-on to play a. leadership role in -educating the
cgmmvriity to be conservation- minded. By example, schools can , .

il
-show that they age concerned with conserving the 1,-.1

T esburcdSOf the nation for use by the future.generat ons
they are educating. 4suhlic support will' be greater i a

. /leadership role is exhibited.
. II

.

.,.. ,

.
PLANNING FOR CONSERVATION / 4

., ,

.

111
- A helpful way to begin the planning of as sound,program

of energy conservationis the appointment of a tdskifgrce of
people whd will be directly' affected by The reEtAlis of the

' program. An energy task force - committee can bd.=Vsed to 114

. facilitate participation, initiate activities, and monitor_n
result's. A:task force encoWrages coordination and

. 4,.
enhances communication among members, resulting in less

. .

duplidationand a more.comprehensive program. The prSgram's 1

'success will depend pn-thi support it receives from the. .

community, laculy,:staff, and students,, all of hom should
be'epresened.on the task' force, A more extens vd li,sit'.ofr t

'groups from which task force members.shoki14'he selected is as
follows:

-4
*1 -

(1) Members:of the hoardiof education
- ,-

'''q2): PTA ,
c

(3) 'Faculty memhers .

)

, - ,.
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(4) School administra

,(5) Operations and maintenance personnel
.

' (6).; Students

(7) Transportation-personnel

(8) Food service personnel

.05 Qualified lay' persons

Frequent scheduled meetings."of the task force are
. essential during the. beginning phases of operation. Specific
actions will be reqated:that'may significantly change-the
way the school functions. tontinued dialog during all phayses
is important but)is most critical' during the initial'phasee
when an action plan'shou.ld be developed to

'. .

(1) determine goals, objectives, and strategies for
eiach building;

(2) conduct Af4turvey an energy audit for' each

('3) assign responsibilities to specificindividuals
and .groups;.

(4) explore the po&sibi'lity of using outside
consultants; and

r(5) recommend specific actions that will result in
more efficient energy use.'

A the energy"Conservatiow plan beedimes organiZed,
consi atLon should be given to the appointment of an Energy
Cdnservn-ion.Manager. A .large school district, or one with
complicated energy problems, should consider hiring qualified
Andividuale to assist with committee responsibilities, employ
consultante coordinate work'sactivites with schooi

liersomnel, and guide the implementation-e-of the energy
conservation program, A ,smaller system should,consider the
assignment p a, staff 'member famitiar with school operations .

and,provide a equate time for- that person to organize an
effective'prog am.

i

ca
...

'a

AUDITS
. ,

.

",,- ' One,of the, most Important aspects of an energy
managenieht 'plan, is the conduct .of a survey and\Ahdit: The
survey should listiail uses '"of energyZ-end-deseribe the

: ,,

bgiidims..,tharac:terl,sticg. The audit should' attempt to, . ..,. , .determine the amount of energlheing used, for what,purposes.`-
, and whether it is being used effectively. Since moet.school

le

i
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luildingS.were designed during a period of abundant and
inexpensiVe energy, initial costs for conhructionyere given
more. weight in' the decision- making process than other

. factors. A review of current energy consumption can
4 et-7 ,revealing and provide data required to correct some of the

-major energy consumption factors. \ -r

'V

The energy audit should.be initiated by colleCting
accounting recordsod annual consumption of all types of
energy for each building: With the survey information and'
energy sources identifi,ed,,,a team of specialists can inspect
and evaludte siletific'fcilities. Initial inspection to_
observe and analyze the.b.uilding structure, operatiopal
practices,' and other factors 4s essential. This procedure
familiarizes the inspection team with the types 'of equipment.
and operations of the facility.

. . 11

The level of.skill requied.-of the inspection team will
depend on the type ofBUildlng'to'be audited. Older
buildings without climdte control systems -do not require a
sophisticated analysis. Buildings with mechanical ,

.ventilation andair conditioning should be audited by
indivTdualswith substahtial background in these systems.

...

Some school districts may prefer tp.hire outside
cdtsultantd, whereas others may dependk on their internal
resources toonduct the actual audit. An oueside Consultant
may actually save money. 'Generally, outside, congultnts can
recognize inadequacies in the, building and can identify the
lack of technical skills of staff members. operating the
systeMs. Professional. engineering firms charge a fee for
their Services. Costs carObe held to-ta minimum if important
information is collected in. advance and made available to the

Ai*engineer. Some utility cpipanieson request, 4i11 assign''
one, of their staff memberatto the audit team without chatge.
If the school car( convince a qu4li4ed. local- citizen to -

volunteer-his or hdt,:.time ta help7.cdhauct an audit, the
system wl:lb*Iherieftt,from both the expertise and'the community
concern of the individual. ''` .

-.*
.

the'The. result of audit: should be a set- of recommenda: .

./, ..,

'tianS lor.4ttiorO'brthe school district.' ,These
recotmendaflonsare .geneE,ally'at.two leVels;:l.e..,

. ' 4 / 4. . .

(1) actions thdOave'l'ittle oti no cost and can be
accompiishedytth the technital: skills available-'',_

,-to the'schooldistritct, and %. )...

,'
(z)` .actioms that cah be aChieverhthrough capital

i, investment' in modifying,building'haidware, which
'will be redvered during the lifetime of ,the

.

building, - ,

,/
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- , An audit service d'veloped by'Edscational Facilities

. Laboratories with' federal support is available nationally.3

The ,Public Schools Energy Conservatron Service (PSECS)
.

computer-based.auditing service. Infoxmakion is collected on
the type of. school, based on date .of -compl'etion, plan types.,

.0 -tonstruction, mechanical systems and use of glass.- Data
detailing uses of the school' during.the day, after school,
evenings,. and weekends are collected.,Finally, energy

, ccnsUmptibn based on utility actual measureme$0
fuel is entered. . ;

-

The PSECS printout .of an indiVidual school comyares its
actual energy use with what it should be using -if it were
operating according to guidelines. Alsd-prorided are
suggestions for reducing energy consumption in th.e.school and
estimates of the _savings that would result 11 -the -suggestions
were followed. Since the service does notprovide.on-site
analysis, all conclusion's require further study. Additional
information on.this service can be obtained.from Public
School Energy Ccinservatiiin Service, (PSECS), 1572 South 1.400
East, Salt ?Lake City,. Utah 84105; .($01) 48.4-7260. The cost,
for an elementary school.audit is $75;.Secondarysohool ,

audits cost $100.
/ -

,,, 1, , -/ . ." .
.

1 / /
. C . RETROFIT AND OPERATIONAL CHANGES

iProVison of a safe 'and healthfe1 en4ranment conduc.ive
i:1.

to- learning is as .important to SChool districts as saving
energy costs. Ad equ ate, light for safety' and goOd igion, .

, 1 sensibletefaperstur*-1, and.vientrilaDion must be provides' to 1

students atic staff: iducationd14tasks stiould be performed
In Ani!Ovironment,that.is 'physically healthy and
psychologically _comfortable: .

. , ' -,_ :.< N. -

0

. 0,Over the pait.years,'devides 4hd 'systems used to modify
..-

and control .the internal,envireinmeni have tended ti .be* -

-.., mechanical and electrical, requiring extensive eniligye-rfor..
their oper.ation. These systems requine'TconsiderabLy more,
fuel, than methods ,of control that,..iise natural sources (such
as'sunligh0. Til need t,t, v-make the systema:MoieNefficiett.by_i

..improving their operatiO and maximizing 'the use df natural:.
,sourCes is basic to,the-ketrofit process. . .

%.. .
0- t

- 4 ,
'-' . . ' '

*1 ' .1 sJ.'In mpst instanCol custodial, maintenance, anci-tkuilding
&4,ineeik,, and 13chodl digtrict specialists, ilill be directly_

: . involVed in this'prOdess.. ,It Should. not be assumed tui 4scli .; fts . A

-1- .Pe06ilnel. have the...s1cills' necessary ' to' make - all modifica- - '; .L
:,; . . . 4tions. AdWever,' fWgy can make major Contributions 4y. ... . .

, r , 1,
improvini;operStiOnnl,and.maistenonce (0j. 11) procedures,

s'learning.new skill6, .endoimproving energy efficiency 14y ef--

r

.;

making' structural, mechaniCal, and electrical modifications. . -

/-,1, within they capabilities :; ..
..----_: ,

.
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,-;

'schOol.district& need skilled pepaonnel'trained to
A`s*

operate.and maintain equipment if an'energy .cortserNiti-on
pro gram,,is' ta be fdlly effeCtive., An 0,& ti training program
to upgrade the.knoWiredge andille of school building
personnet concerning architectural, mechanical, 'and
electrical components camibe highly beneficial. ,The
increased proficienCy and expertise of thse indiyiduals-
.realistically can be expected to .result in 'cos.t-beneficial
savings. In'addition,-0 M personnel can gain knowledge and
tmprove,;their technical skills by,attending courses at
community colleges' and technical insttqies.

ti

,

Skill improvement also .-.can be obtained froth
mufacturer=sponsor ed cou'rseon specific pieces of .

equipment or systems. A request made to i manufacturer's
,representative can often result in assistance and training.
TheAnogt popular option is on-the-jog instruction.' A

- trainer, 'employed Or hired by the school distric't,,nses the
adtual hUilding and equipment for instructional purposes.
Familiarization with specific types of equipment and
procedures will result in increased efficiency of operations
that can be. immediately oblermed, On-the-job instruction
-gives trainees only information that, is important for their
functions.'

: 4

,Inadequate maintenance, conducted in a sporadic,.
'Unorganized banner, results in excessive energy consumption.
Proper maintenance saves energy and prolongs the lifetime of
equipment. A.:review of current 0.4 M procedures should be
conducted, and an improved schedule develond monitored,.

Preventive-maintenincewillaisc save energy. Particular
attention should be given to systems that are most likely to
cause excessive energy consumption through maladjustments or
iack.of''maintenince. These include ventilation syfitems,
boilers andtheirscOmbusti n systems, and automatic
temperature control systeths.

,.

-4 Generally,,butldings thatc'axe the'least.efficiedt should
be given priority "oiler. those where energy loss is minimal.

. Similarly, projects that are of 'low' cost and can be >
-,s

-'L accoilipliehed byiw-honse pefsonneL should receive,
, ,

' _ Noverthase that are Costly;and, require Outside-specialists.
Pperationaleanges that minimize Aisruption of, school .

activities4re scheduled first,While 'those activities that ,

:='!: create noise o;r Ofhet disturbances are best scheduled when
,--

. classes a.re .riot .in session. .-

.
, , ,

.Sample liSta of
.

mbalci.catiOns that can'be considered. by
"',7' --acciool.distriCis are preSented.for review;;:theyare not-

.

.,
,cniaprehesnsfire andOAAnot:4replace,a energy audit. Rather,,

c_they are'irrtended't-ci give'an,ovevieW of suggested, activities
,ifiat=&an be accomplished with technical skills available to
-the sc ol :district:irc>, , - -

,,-v i, .

.
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HeatiriV:oientiiati'oAl and aitconditioning

y:11. Ineu'lite hot Vire pifiei

1

. ..',

2. Install'caulki7ig and weather stripping

,

3. Preheat combustion air
:

,

4. Replace worn boiler controls.'
. 0 -- ..,

T.. Insulate steam lines
.. .

6. Install and/or replace steam traps

7. Return steam condensa'te to boiler

8. Reduce air volume

9. 'Install automatic thermostats

10. Install heat recovery equipment

11. Install time clocks for air conditioners

12. Install temperature controller and sensor

13. Establish a ventilation operation schedule so
exhaust system operates only when needed

14. Reduce use of heating and cooling systems in
spaces used infrequently

*

15. .Turn off heat:and cooling during the last hours
of ,occupancy '

16. Consider closing outside,air dampers during the
first ind last hoiirs o'f' occupancy

17. During the cooling season, fluSh the building
1 with 400ier outdoor air during evening and night

hodfs!

18.., Thrn off all noncritical exhaust fAs

Keep, refrigeration coils free.of frost,-buildup

Lighting

1. 'Remove lamps of fixtures not needed

2. ReplaCe Incandescent lighting with.energy
conserving flootescent lamps

. Design lighting for; specific tasks

-9- -,----

(



.1?

Lowerheight"of lighting fixtures,.

. 5. Control earteror lighting.

6. Disconnect hallast.s.from fluorescent fixtures if
:lamps are removed .

7. SChedule lighting maintenance and .relamping
, program to maintain good lamp efficiency

8. ,Uee tatural%light when available in a building

9. Ube photbcell and/or.astronomical time clock
controls for outdoor lighting whenever feasible

Operational
.

1. -Schedule student and staff hours to maximize
- ,

daylight working hours
.

2. ConsOlidate aCtivitied into fewer roams

3. Installsigns on exterior walls near.aoors,
providing instructions to-keep doors closed '

4.'Post signs. near electric power-consuming machinery
urging it be- used sparinaly

5. Establish a -policy to review efficiency When
- purchasing energy-consuming deviC6k.,z._

6. Repaint or clean exterio-r finish to, Improve
reflective 'characteristics; when rePaineing, use
.light surfaces to reflect both.heat and.light

. Where open space is available, plant trees or
large shrubs to act as windbreaks and to reduce
solar .penetration

.
..

___ 8.,- It&ta-11 adjustable outdoor shading devices such as
.

Ssunhades, which reflect solar heat before it 1,

.._

enters the building; such sunshades also enable
entrance' --e4- warming ;rays during the ,heating season

9. Reglaze windows with double or t glazing or
with 'heat.ibsorbing and/otUrefl 'tiv glazing
materials

Add reflective materials to- side of
draperies to reflect .sOl,ar- 4 when raperies are
,drawn

11. .Use opaque or_tra
block off.and- Aerma_

. y

insulating...materials'to
seal _all unused windows



., ,. `, ,
4 ' , ' ''- .

:12. Install storm windows and doors where praqti.,c-ef Y.

;

13. Repaint or resurface the roof to make 'it .more
': reflective -

Add prove roof and wall insulation

-15. Develop detailed shutdown programfor_mAximizing
energy savings during holidays and"semester,breaks,
and an abbreviated program for weekends

Water .

Install decentralized water heating

2.' Install, efficient notitzles and faucets

3. Adjust valves for minimum water use

4. Reduce domestic water temperatures to 1200 F

5. Install flow limiting shower heads

6. 'Plan maintenance to preVent faucet drips

7. Increase the amount/Of insulation on hot water
pipes and storage esanks

8. Install a pressUrexeducihg valve on the main hot
water service to restrict the amount of flow

9. Prdvide hand' flush valves for urinal flushirig
rather than -continuous water' flow systems

An operational Change that requires' careful
consideration is changing schdol calendars to take advantage
of days least likely to impact fuel and, energy resources. A
,computer simulation of a typical Co,lorado,school suggests
that:

(1) Shutting down the school completely.during
Christmas vacation and the month of January could
result in an annual'heating fuel saving of 23.9
percent.

0.0

, 7
.

(2) Extending Christmas vacation another week could
, . .

result ip heating fuel savings of 5.8 percent per
year.

'Starting school'at,late as 11:00 a.m. in the
Winter'and running 'later in the afternoon would,

'save only about 5 percent of the heating fuel ,per
year.



Yt

mp

e

1

,

,
i
.;(4) Using the':school on a year-round basis,' requiring

air'cond.l.tioning in the summer months, would add
61.2.perceat to the annual fuel and electripity

. ."
;

(5) By'turning.ireat'on at 7:00 a.m. and o1ff at 3:00'
settial,fUelconsumpCiori.could be reduced ,

by 13.8 :percent...annually.

AnOther-spudy, thistnne conduct-et' by the New York State
Education Department,tserves as. a 'reminder that' a school
distriCt'senergy_policy has an impact beyond the mere
Consumptiom'.of energy by the schools.' Energy savediby
closing:schools may be consumed-in the students' hdmes.

% . .

Closing of. s4hool buildings during cold winter months
-4. May be counter-productive t total saving of energy.
----Energyneeded for .heat, light, and other school .

operations was found to be somewhat less when schools
were clos d. Energy consumption as,measured in'the
homes of ch ren, was somewhat more when schools'

.closed._
11.4,1

were losed.. hus it would seem that closing schools
causes an increase in the use'bf.fuels and,
electricity in the homes. ---

Administrators' must consider factor's such as climate,
physical characteristics, and use of the .building when -

determining schedulgg'changes. Since it is necessary to
keep the buildingtemOerature at around 50° F to,prevent

01 -freezing and structural amage,,the'amount Of savings due to
-,

minor scheduling changes w1.1.1 notke significant In
comparison to.savings derived, from retrofitting and other
operations, changes.

.. :

,13 6'

CONSTRUCTIONOF NEW FACILITIES/',
' The rate of new school construction in the 980s will-be

'less than hat during the 1960s and early 1970s. Neverthe-'
leis, numerous buildings will be constructed', and energy
considerations will heCome a major design consideration. The
kew (Hampshire Board of. Education reflected this attitude when
it unanimously adopted the following policy: "It is to be
expected, -before-approval of any submittedbbilding plans for

.any ur pnse thstinvolves school construction,. that the very
latex technology available will be utilizedin energy'.

,

conservatib4,"\
. .

Architects and engineers are paying more attention to
'the building shell, insulation requirements, site, oriehta-
tion, ethqunt of glass,'=MUlOple uses, equipment', and fuel.
energy consideritiofistYpically, energy considerations
cense the initial costs n4const.runtion to be higher, but
lowerlife-of-the-ieuildthg costs can be expected. The

12
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Northern California Chapter, American Institute of .

Architects, estiMatesi1 that a 50 'o 80 percent reduction in
energy consumption i'lpossible for new construction:. <0,

p G

School districts, should calculate the 'life-cycle.costf of
a building prior to approval of plans. Factors Stich as

operating and maintenance costs become important'
considerations. During the life of a school facility,
operating and maintenance costs (including energy costs)' are
three to four times the initial cost 'of the building. Data
needed to conduct a.life-cycle cost analysis are

(4 an nual fixed charges, based on a capital
recovery period of perhaps 20 years and including
the interest charges;

(2) annual energy and fuel charges based on
different-2.energy.sources-under consideration and
the fuel rate of different equipment;

(3) annual maintenance costs; and
, 2

(4) .annual replacement cost of equigment.'0.
.

The architect an& engineer Selected capossistwith
calculattons and also provide inforiation. dff the latest
alternative teChnorogies. For example, solar energy, for
heating is becojixt.rigspore attractive and is. feasible for
.schbol b441didWin many parts of the nation. The National
Science FOundation funded the desigk construction, and
evaluation of several school solar heating units. The
results of one experiment at-the Grover Clekeland School
Boston, Massachusetts-i-ltre-es- foitows-

(1) Solar heating is effective apd feasible in the
nartbeastern'United States. 4,

(2) Oyer aifUll season the solar system is expected to
p,rovidemore than 213 of. the, heating:requirements
of the middle third of the school (the portion
served by the solar heating system).

.3) Institua(3) ofiat ierSonnel (schools., governments,
etc.) arehighl/-interested in solar

energy.appliaations. They took the nitiative to__
understand'the system and ctively'participated in
helping.'others to'understand Ats operation and
benefits.

.
(4) The technically'awake Oublic shows-'. considerable

'interest in solar energy applications as evidended"
° /bfl the,number and types of visitor's to the,sohool.

.
. 4:.- . .. .
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(5) ..-The solar system was compatible with local
residences and businesses. No objections to
shadowing, aesthetics, or even _the inconveniences
of the construction were evident.

(6) The construction workers were skeptical initially
but became quite proud of working on the project
when it became apparent that the solar heating
1worked.

____-----?
(7) Even large, roof - mounted planar arrays are not

particularly noticeable from a distance of a few e

city blocks.

(8) It possible to utilize, a solar array as 'a
fascia to enhance a building'd roof line.

. ,

(9) Resistance to vandalism is a major design
consideration. Lexan window solar collectors
withstood frequent impacts from thrown rocks
and baseballs. There has been no damage to
date and, for comparison, the School averages

e broken window per week.

10) Electronic integrators should be utiliZed for
"important'data, which varies randWmly; i.e., solar
flux.

1,
A multitude of factoisNshould be Considered in planning

thesConstrtiction of an appro'pria..te school facility. A

helpful list (below) has beenmompiled by the New Hampshire4,

'State Department of Education it.,ts Manual for. Planning and
Construction of School Ruilditgs. `\

, \
1. Do not" exchange short, -term m nimal.avings for

*long-term maximum gains.

2. Orient the.bnildingto.take adva tage of the
natural energy-saving featured :of the site--use
trees,dnd7.other buildings as Windb -'aks from
prevailintwinds and storms. 'Mace arking area
So that it dotes not expOse,,bnilding to.winter
winds.-ner heat up'summer"cdo:ling breezes.

3. ShXp the building for 62t4mum energy title.
'(Cubic sh-4e maximizes .volume while min mizing
Surface area.)

t

14

4. Design the ,fieility on the edge of, comfort; use
humidity control:6 and good vapor.barriers.

5. Consider burying.IpArt of,,the buidding to reduce
heat losses,and air infiltration.

'/Pesign the builartig for minimnm qcceptable exposed
wall and-roof dred4V- .

A I

1
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Ilse-imn to heat the.building with sObth-facing
windowSnd provide thermal curtains or shadesi,
during nighttme,use windand nighttime
ventilation'to cool.

8. Shperviaion during building construction is
essentittlAo assure best Use of building '

material.-a Ensure vapor barriers and insulation :
are installed correctly.

9. Provide Proper automatic e,eVtlfrs-r.heat,
ventilation,-and for some lighting. Make use
of natural ventilation when available; exhaust
air to leeward direction.

- 10. Design efficient mechanical aystemato cut down
overheating and overlighting.

:

11. Use effiCient lighting sources -- concentrate Light
on tasks.

12. Room switching should be designed so nnt4ded
rows of lights can Ile turned off.(new 4xtures
provide means to illuminate only partiaI\number'
of tubes),

13. Require day/night thermostat '.control for
un'ccupied temperature setback.

14.: The building gross wall shou)I have a heat lo
factor not If-eater than .20

a. The glass area of wail should-not'exceed
20..pencent of the totit;Vali-area.
Windows generally shoUld be double - glazed,
thermopane, or combination with nighttime
insulating curtain or panel.

c. Locate windows advantageously.

d.4 Storm doors or vestibules shou a be used.

'1/4'15. The building rostfthrough proper insulation,
should have a heat loss factor no greater than
.05; for opaque wells the best fecto-f7abuld be
no greater. than .06; foundation walls bow grade
enclosing 1 heatedspace.shalt not be greater
than' 1.2.:' FlooraZtO unheatedIVOacesheae lo
factor should be,:08or less.

. -

w,.t.

. 16: Tlie_heating'syStem'efilciency shOUld.drop no ore

4
. than 10,percentat,1/2 load. .

,17. Heating duct-Tis losses should-..be reisiiicted
3,2ercent of air vorumer.

.

18., -HOI water and steath:lines4should be insulated.
t,
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.

,.

Install low- volume' boiler .fixtures-and shower-
,

heads. .

. , . ,
. .

.. (-
15. ReStrict -ventilation to 3.cubic feet of air per

person per minute when Outside teiperature is
,_below 100 F. _

tr
d

40.

20. Large building heating zone..:-involving multi file
rooms should' be restrictea to 3V000 square feet t:.

_ or \l,..0 .s. 'Heating systems should be able to
-function-without outside air being Introduced.

.
.

.121. Consider use of heat\retovery systems that. remove
heat from the-exhaust\air to preheat incoming air.

. ,

TRANSPORTATION.
.

.
\

f' .
..

Students must be transported to end from school (when'
they-live, outside the walking limits established by the

. -
district), on field trips,.and for ex.tracurriculdr._
attivities.. Data collected by the'National_Center for
EducatiOtel, Statistics show that in; the. U.S.Inearly 268,000
school buses travel 2.6 billion miles ai4nually to, transport

. 21 million children att.ending,grades K\through 12. School
buses ue7e more than. 350 million gallons of:fuel anntally to
transport about '52 pereentof all pupil -III the country.
This represents an energy conspMption'of-43,750 billion Btu's...-
each year -- about 7.5 million barrels.of oil.

:, 1

.

As with other componqtts of an'energy\Oanagement '

,..: .
. .program; a school- district should adopt-a' transport'ation.
.poliCy; ,est'abli'sh objectives, 'and initiate a\plan. , A typial
goal:.cou14\be to transport the maxiibum number\of-pupils qf '-
shortest necessary distance in vehicles offering 'the greatest
,miles-pergalion for tfie task.

.
_.'

. . .
.

-*- .-

. .. . .

-,-National leadership to,' onserve energy in school bus
transportation,bas come. from. Such efforts; as the 06Puntary

: Truck.-and:Bus Fuel 'Economy Progam,,deve'lloped jointly by the
, DeOrtment_nfHTradsportation, the EnvITopmentil'Protection-

Agency, and the Department of Energy. Zbib program has
received-.the yoluntary,Cooperation_of motor carriers, \vehicle.
Manufacturers,mponent suppliers, 'and trade .

The goals .are twofoldI.I..e.,ItolOaVe luel-through the :'

applicatipn.cf.more:ftel-efficie*t7technology,;And to %

encourage more efficlint,Operatingppractices, including
-driver and mechanic traintag programs;'better,maintedinCe,,
- and improved routing- and iEbeltu;liint.

.

. ,-a --eztli,-4 ' .

.-

Oce project, of the Volunekrii I'mck and Bus; Fuel Economy

_ .

rogram woNthe publi.Opti611V 18TEIMEncOOtaging 'School '

,

TranspOrtatIon.Effectiice EmergyITTailN;mt,Hi-Copiea are .

.5'
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Avail le from the Department of Energy, Voluntary Truck and- ..

Bus Fuel-fconamy. Program, Waahington,.DC i0461...: The handboolc'
isVesigned for directors of.041.1 icsnsportatioll, school .

administrators, and others-in oled.J.M.tramspoa .atiorr
management.. It'provides prac ical v informatio'n about fuel,.
conservation, recommendations 4or_vrainirig mgchanids andv .-
drivers, guidelines:for puechaaktig equipment and fuel,rand
suggested administrative pollcies; Also availsbie,froni this

-,, Office.is a newsletter, Fuel EcorrOmy NAws, that priivides
current information about transportation colvrolation efforts 4.
t roughout the nation.-Those interested '1,11,17e0iing copied
ma ,,stibinit their name andeaddreSs to tile giMg. office.

s :_. . '
:The ESTEEM handbook fa designed' to' be used with thl,u.s..

Deiartient of Transportat'ion's ,publication series, . "Fuel
Economy Thr,ough TeamWork."."The series,sconsidtp of five.

-) booklets addredsingthesubjects of: ' .

- 1

1, OupilOransportation and nergl Contervation

2. Purchasing "for Fugl.E.conomyr_

3. Driving. for Fuel ,Economy

4. Operating for Fuel-Economy

5: .The Science of 'Saving, Fuel ,

Copies of the series a're.available from the -

Department' of Transportation, Voluntary' TruCk'aed Bus Yugl
Economy Program, Washington, DC '20461.

' The following checklist can be, reviewed by
distr,icts to :assist in-development of aIptranspO'ttatIon ," k ,

Conservation program. It is' excerpted -from the document, _The. ,

Energy Crisis in the Public Schools: Altenarive Solutions,
by Grossbach and 'Shaffer? .

A <

Vehicle Operation
.

1. -Tutefand maintain ,engines to peak,performamc.
Corteci faulty sparkplugs,points and
carhUretion.

l'

. .
.

-2. Use-modern-linalyzing equipment `to ensure, dnd
,

1
oil q.conoMy: '.. - 4

' k

w f
t .., -

."

va'3: Keep gas tanks:fuli' tvoid excessive-evaporation.
.

--.'
-.

. . . .

A. Ensure that bus tire's are kraperly inflated...
..

5. Reduee spged_ltmit to as low as practical.

6.- Reduce-.Weight by removing, It racks, extra
tire Chaing etc.

17
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. Drive slowly -and carefully the. first few miles
until vehicle warms up.

8. `Avoid the 'red line" even in. .shifting. gears.
,

9. Reduce.-warm-up time for buses to the very 'minimum.
.Have dfivers turn off their' engines ring- loading
and unloading .of children any time engine
is idline'more-thal l' minutes.'

..,
. :1Q. .Avoid full throttle operatiodt ,e 0
4'

-;

.
. .. -

11. ,Xlibid stops.
.

'
I . ''. * ,

12... Schedule jbus routes to avoid driving up hills';
stay on m in roads only. '.

.

.4;i,,,,

..., ..
.

.

13 . Plan'stop on level? Instead_ of inclines:
-..

14. Drive slow y back to the buS yard'.

15. Use .inters ms onbUsessto reduce stops for

+

controlin discipline. . R,

.

16. Install two-way radios to direct operation or
redirection of 'buses to' avoid unnecessary use.

47.. Mo nitor use of vehicles. Install trip recorders
fo record driver andvehicle operation. Use this
informatidn to reduce use of;. gas andoil.

18. Plan routes to make only right turns to save on
idling time.

.19. -Consolidate loads.
. r

-

20. Centralize pickup and return points.

''21. Use computers to analyze tins loads. and schedule
bus runs:

0

22. Eliminate buses that use excessive amo unts of
gasoline -. °ftlr*

4-416

.23: _Eliminate operation of ail- busesnot truly needed.
- '1

24. Use small..er vehicles foriong-didtarice.", light-loads.

440.m runs, Use the 'smallest bus possible. 4 I, '
.

7

Bus tudenta only. during. Inclement wvaiher.
.

_26. Elimit eat transpottatidt for stimmer.s-Chool..
*v

4
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27. Enqoueage high school students: walk t o school
or td 'form -car Pools.'

-&12

28. Lengthen dis tances, between pickupoints.

29. Metre older st5deAts malk to central pidkup points.
.

_1.30. 'Cooperate with nonpublA schools. to consolidae
bus drivers.-

40 31. Reduce field trips.

7 32. Use Shuttle buses for'studentsto and from
4ath1etic,c0ktksts.

,

33: Minimize staggered school -schedules.

34.- Provideiboarding fOr-students who live isolated
:areas a long didtande*frochcools.

. Use-satellite-bus-parking.

--

36. If bus drivers* have sp4t shifts,
,.

determine if
,th- r last e.Oute ends .near their home. _If it

!..,,..
d- have them take the bus home during the
mi da period. This will-eliminate the extra
dr that results from 4 'driver bringing the

'bus k to the terminal, drivinghis car home,
..' and 'driving his car back to the.terminal..
't:,;4. . --.s. ,

. t-

37. When adding, or replacing buses consider°,the
smalfeit, most economical vehicle possible.

1 ! 38. -Change legislation which caused some hdses,to have
capacity redticed.

I ,
.

39: 'Review and evaluate all security measures in the
. . district. Make :,changes tol take hare of any

increa.444prohlems resultin from the energy'
crisis. ,

Driver Inservice

.1, Train 'new drivers on existing..rtins\
"deadheading.-flI

"

hile bus ii

2. Use simulators to ;educe behind the -wheel training
min :vehicles. 9

3. ,Increase -frequency_ driver inservice programs.

4.4Retaln experienced drivers as long,as possible.

/
4 .

-
s, a*
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5. Train drivers' to use pre- planned' starts and stops.
for less gas donsumpiion.

1.

6. Hold joint workshops with maintedanoe anddriven
personnel to improve operation.

7. Use ln'incent ive systep for educina vehicie, fuel
consumption.

Chages'in School Organization.,
P. Reestablish the neghborhbod school where students

can walk.

2. Establish a fodr-day School week,.thereby saving.
one day's driving of buses._

3. Con;olidate beginning and ending times of all
schools, including special eduction proelams.

4. Relocate special education cies es to neighborhood
walking schoOlsor centralized s cial classes in
one-locaion to avoid excessive-transportapion:'

. 5. Review special programs to determine ilea for
transportation. Determine if there are some .

specia' educatioh'students who could walk to
their schools.

_401,

6. ...Enter into interdistrict attendance agreetentst,
with other districts to avoid excessive bus
travel.

7. Change attendance bounda ries to.:reduce
transportation.

8. Inti-ease walking distances.

.9. Contract vith parents to provide transptation.

: 10. 'Reduce school year to minimum number of days to
save operation costs.

11. Elimin'ate transpoytationfor summer school.

'12. Share equipthentand bus runs with neighboring
districts.

. p.
6 -

Use-of Vehicles' for Trips-Obiber Than to and from School

1. Co mbine-field trip, requests from more than one

2. Liiitfiele:trips to full bus: loads only.
I,

.20 25
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'
3. -Establish .minimum and maximum distaes for

field trips, w
a

4.' Combine school teams and schedules ;(3 several
. genies can be played 'at the same time. COnsolidate
-bas trips.

'

".?

. /

A , ' , r ./. :.

5. Haveillatricts.share bases when 41ding athletic
events: ,

..
..-;. .

. Alternate Forms of '6ansportation
,

. . . .

I. .Use parent transportation-and give assistance,,, .

..: pa' rent in obtainingnecessari insurance.

. Use`" charter and public .transportation;
.-. , . -.

y , , _
',7 -:- .

.

3. tudents ahOuld be endolireqed to fOrm car
Provide them with protected parking.4-

1 4%

.).14

pools.

4. 'Encourage use of 'Bicycles. Provide -adequate and
protected bike racks.

...)

5. Hate parents provide transPortation instead -,of, ,

using,4,ftei-;-sdh6Ol'activity.hases.
.''l.

4..,'1,..

MisceZlineaus r-:-- ... -

lsh
I. Keep compuny informed-of

. . .
.

fuel-saving

2. Use students and employees as ,resourc e
fuel-saving ideas. ,.

--.
,,-., , . - : ,

Endoarage:studentY s'and employees to use car pools..,
. ,

,
s .

, .

.
.

4. Develop .an information excha' ngefof ideas on fuel --...
$ aonseivatiokbet4een :districts. . c

5. Offer ineentives.fovichools to originate new
...,

;- -; ideas of fuel-conservatfon.
- \ .

6,,_._ Unload base* at the most sheltered entr.anceto
.2 building8.

. .,

measures!.

persons for

J

.1' a

O
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-The referehcea- in this, section contain information.

useful to-school-adm4a-istrators seeking to Initiate or
Improlia-energy conservation management, programs.

All'referencas are identified by either an ED or EJ
//number which willmake pdsalhle to locate them.
Documenti listd with ED ,numbers-are reported-in the *,
"appropriaie_monthly issue of Retources-in -Education (RIE),
'a publicatibn of the Educational "Resources Information Center
(ERIC) aimed toward early. jdentification and acquisition
ofreports of interest tothe educational community: .RIE
is=made up of resumes and indexes. The resumes provide
descriptions of each document and abstracts their content.-

section -provides access to the resumes by
--subject, personal author, Institution, and publication

type. Many of the documents are available in-microfiche
or, paper copy fr.om ERIC Document ReprOduction'Service-
(EDRS), P. 0. Box 190, Arlington; Virginia 22210, or
maybe dOtated_ and reviewed in the growing number of
ERIC microfiche collections distributed widely-throughout
the United States.

Reference% with'EJ numbers are joTenal articles.
Abstracts-and bibliographic information appears in
Current Index'tO Journals in -Education (CIJE), a monthly
guide to ourrentperiodical literature in education.
Approximately 775 educational and education - related .

journals are included. 'Copies of many of the articles
, reported-ihIJE are available froM4nIversity Microfilms
Internatioriat, 300 North Zeeb Road, Ann Arbor,- Miohigart:48106.

-
) ,
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"A-Decade's Differencer-Expanded School,. Same Energy Use," American .

School'and.University; 753 N 1 (September 1980), pp. 38-40. EJ 232 055

Anderson, Bill. "39 Ways to Prevent Gasoline-Costs from Burning' Xpur
Budget," American School Board Journal; V 166 N 11 (November 1079),
gp.33-35: EJ 210 936

Anderson, Calvin, and Bottinelli, Charles Al "Managin0ou School's III
Energy Dollars: K ping YoUr Schoolhouse Out of the Red," S Office
af-EduCationBner y and Education Action Center, Washington, D.C.
(1980). ED 193 Q71

. -0

Anderson,,Calvin E. "The>impact of the Energy Crisis on school Finance,"
Phi Delta Kappan,,V'57 N 3 (1Jbi/ember 1975), pp. 193-196. EJ 125 815

Alberta Department of Education. "An Energy Management Frogramme for
Grande Prarie Public School District. Energy Conservation: Energy
Management," Calgary-University, Alberta. (October 1979). ED 182 866

American Association of School Administrators. "AASA ..gne
Use Study," Washington, D.C. (August 1979). ED 190 341

. /

"" American Association of School, Ad
Conservation. Measures: Manageme
ED 164 339 >

. - American Association of School
Energy -'

Glen Rock,giew-Jersey1",Arlington, VA (January 1977). ED 194 359,

Conservation MeasUres, Report Number *2: "CentralElementary'SChool, 4

Hindman, Kefitucky," Arlington, VA.,,(January 1977). ED 194;,3.60 --

Ameriban Association of School'Administrators. "Public Schools Energy
Conservation Measures, Report Number .4: Hindman Elementagy School,.

. .

,

. -
.

American Association of-School Administrators. "Publia Schools energy
Conservation Measures, Report Number 5: Fairmoor Elementary School,
Columbus, Ohio," ArlingtO , VA. (January 1977). ED 194 361

4
1 ;.4,4raerican Associatio of-Schoo Adminiatratqrs. "Public Schools Energy

Conservation MeasUres, eport Nu ber'6: F. y. Brown Elementary
School, Lubbock, Texas,"- ngton Ihh, (January. 1977). ED 194,362

istrators. Schools Energy
Summaries," Washington,.D.C: (1978).

American Association, of School Adm trators. "Public,SEhoold'Energy ,

ConserVation Measures, Repet Number':: Garfield Elementary School;
SioilxFalls, South Dakota,"'Arlington, VA. (January 4977). ED 194 363-R,

.
$4-

American AasoCiatiOn of SChOpl Administrators. "Public Schools.Energy-,
ConSeration.Maaaures, RepoitNumber'9: 'Plover Whiting EletentarY School,
Stevens Point,'Wiaconsin," Arlington, VA. (January 1977). ED 194.364

,American` Association of School Administrators. "Public Schpols Energy
-COnservaiion MeaSures,'Report Number 10: Washington Elementary SchOol,
Kentetack; WaaOrniton," ArlingtOn, VA.. (January 1977). ED 194 369
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"in Energy Source Directory," Library Journal; V 103 N 1 (January 1978)%
pp: 26=70. EJ 173 990

Arens,, John G., and Jones, S. Harald. "How to Protect-YoursAS-from
Unqualified Contractors," American School Ind Univeraityi V 49 N 9
(July'1977), pp. 34735. EJ 162 207

-
ASkin, Ralph J. And Others, 'California School Energy Concepts, 1978,"
California State Department of Education, Sacramento, CA ;(1978). ED 165 341

Association of Energy Engineers. : "Energy Auditing," Atlanta, GA.
(1980). LED 193 027

Association of Physical Plant Administrato0 rs of Universities and
Colleges. "Application of Computer Assisted Energy' Analysis Seminar
(Pittsburgh, Pennsylvania, April 12-14, 1977)," Washington, D.C. (April
:1977). ED 176 367

Association of School Business Officials. "Field-Proven Programs to
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ii

202/755-5111

Department of ransportatiOn, .
-.:400 Seventh Street SW

Wasbington, DC. 20590
202 0

.
. .

--' Environmenta1,Protection Agency
i 401 !II' Streetk-W: -

.- ,..
1.7rashingtop.i -.D0._ 20460.

... ,

- -7 20i/755=2'6W - .. ;
. ;

' ": ' 0 olierROadOtkititl4igOff ice
,

,;;-- 'irk - ,

30011: *4040 -;,4114., ,,-4.:
6

S.trpPts NW
Washington, 410, ,2(5461' '.-,

'-'202121,5,201,



National Academyotof Science-

National Academy of Erigineering
2101 Constitution Avenue NW
Washington, DC 20418

. , .

National Science Foundation
1800 "G" Street NW
Washington, DC 20550

National Technidal.Information Service
(Department of Commerce)

5285 'Port Royal Road

Springfield, VA,-,22,161

703/537-4660

. .

.-"

Th'American. Society.df.Mechanical Enginders-,(ASME)
Streetfz,,; : _

, ,
:NeweT,Orki,,Ily.,..., 7

Knoxville, TN 37902..

PRIVATE ORGANIZATIONS

Air Conditioning and Refrigeration Institute
18.15 north_PoTt Myer Drive

Arlington, VA 22209

American Association of School Administrators
1801 North Moore Street.
Arlington,qA 22209

American Home Lighting 1nstitute
Z30 North Michigan Ayenue- 1-7

Chicago, IL 60601 i

4

American Institute of lirchitcta",
1735 New York Avenue .NW .

Washington. DC 20006,

American Institute of Plant4gineers (AIPE)
1021 DeltaAvende
"Cincinnati, OH 45203

. .

AmeriCan Society of Heating,
.LAir4Cdnditioning Engineers,
345 Earit 47th: Street

"New, Yorivc-MY, -10017. ,

I"

'Refrigerating and
,Inc. (ASHRAE) 4.

,Asaddiation-YOk4nMe,Appliance Manufacturers
,,,-..1"20;`,',NOrth,Wadker'Ditre 1/4 r'

.1; :, - ''' ,: 'Chicago, ii..".'0606:;:" b. .
' ''.54, " i, 7.,4: ,.. "''" ' ,:;5: ',.,,,,,..,

' ,

.
, , ' 5'

+.

0



Association "of Physical Plant Administrators of
Universities and Colleges

.11 Dupont Circle-,-Suite:.250
Waihington, DC 20036...

.

Building Officials and Code Administrators
International, Inc. (BOCA International)
1313East 60th;Street-
Chicago, ft 60637

The Conservation-Foundation
1717,14dssachusetts Avenue NW
.1shingtoni DC 20036

-Council of Educational Fatility
'Planners, Interriatiprial '

29 West Woodruff Avenue
. Columbus, OH 43210

Edison Electric. Institute

90 Parls Avenue

.,New York', NY '10016_

Educational Facilities Laboratories
850-Third Avenue
Ndw'York;NY -16022

-Energy Conservation Council(SCC)
P. 0..Box 7800
Atlnta, GA 30309

Illuminating Engineering Society of
North America (IES)
345' East 47th'Street
New /ink, NY 10017

°

r

Motor Vehicle .Minilfacturers Association
1909 "K "' Street NW.

Washington;:-..*: 2006._

.>

1

A \

`NationsI.-ConferenC"e;bfr States _on

1970.,i0Vain-,;4140-4eiod..,;,
mciteai**,4201' '.ti

NatiotiaLtiectriaal Manufactdrera
j,ialcidiationiANEMAY:

2.101-,:l!l4T!,Straet,NW=

athirigton' C: '20037*

iiio ale, Energy `Fouii_dati'on`

19017

es



e

National Environmental Systems

AsSociation-(NESCA)
1501 Filson Boulevard

Arlington,'VA .22209

National InsulatiORWContract*s
Association (NICA)

1120 19th Street NW, Suite .405
Washingtoh, DC 20036

National Metal Wool Insulation
Association, Inc. (NM4IA)

.362 SpringfieldAvenue.
Summit, .NJ 07901

National Science Teachers Association
1742 Connecticut Avenue NW
Washington, DC 20009

National Solar Hating and Cooling Information
Center
P. 0. BA 1607
Rockville, MD 20850

Sheet Metal-and Air-Conditioning .

Contractorsl_National Association.
.8224 Old Courthouse Road
Vienna, VA 22160.

cr ^

Solar Energy Industries Association
Suite 632, 1001 Connecticut Avenue NW
Washington, DC 20036

Solar Energy Institute of America,-Inc.
1110 6th Street NW
Washington, DC. 20001

e-
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